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Method for controlling the transmission power 
Menetelma lahetystehon saatamiseksi - 
Metod att kontrollera sandareffekt 



IL*r'°" " '^""^ » cellular 
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to ceUular networks i, is essential to control the transmission power of the mobUe 

. t '"^'^ ^•'ti-- Effective powe 

contiol takes care that a base station, for example, receives the sip,als from vSIus 
mob-le stations with roughly the same intensity. When choosinfthe traTs^sl 
power as small as possible. ti,e interference of radio signals is redTceT 
hnutation ,s that dte lower the received signal power, or actiSly the s^^ o no^ 
ratio, the more e.ors occur. The suitable tiansmission power is thufrbaZ 
between causmg mterference to other radio tiansmissions and getting high enoT^ 
quahty for the tiansmission whose power is controlled. S« =nouJ, 

The ^ansniission power is cono-oUed both in the uplink and in the downUnk 

the power of tite received signals, and based on these measurements conLand Z 
mobde stations to increase or decrease titeir tiansmission powers TbeTZ^l 

coTo, T '^' T """^ "^'^^y "PP'-" <° uplink power 

Zr^tted ""'"^ "^'^^ °f --ived and 

d-ansm^tted power on a constant level. This method can react fast to changes in the 
power levels, but its precision is poor. 

Poter'JoTol' r""'' 'y^'"" 'OO- The close 

power conti^ol system consists of two loops. The im,er loop 101 is i„ Fig 1 

r^wTmis't '"^t"' '^™P—- ^ ^^o' ta^ 

arrow 1.0) ,s n^smitted from the tiansmitter to fl,e receiver, and it is received 

usuany the signal to mterference ratio SIR, is detemuned and compared to a 

1 3 alTT '^'r; ™^ """'"''^ " ^* • block 

sent from 1 r""""" ^ "O""' " 1"-«ty. - 

sent irom the measurement hlnrk 19-? to tK<=. • 

^.uxcmeni Diock i2o to the companson block 124 where the 

measured quantity is compared to the target value. The target value i; chosento 



that, for example, the errors in the data transmitted over the radio channel are rare 
enough. If the signal power is larger than the target value, command to decrease the 
transmission power is sent from the power control command block 125. If the signal 
power is too small, the command to increase the power is sent. In the transmitter 
5 equipment, the power adjustment block 121 adjusts the transmission power used in 
the transmission block 120 according to the commands (presented by arrow 130). 
Usually a predetermined adjustment step is defmed, and the power control 
commands do not indicate how much the power should be increased or decreased. 

10 The outer loop 102 of a closed loop power control system selects the target value 
for the iimer loop. In Fig. 1 the outer loop is presented to be implemented in a 
separate network element 112. The outer loop monitors the quality of the received 
signal. This can be done, for example, by periodically sending frame error rate 
(FER) values to the outer loop. This is presented in Fig.l by arrowl32. The signal 

15 quality block 126 checks if the received signal quality is as good as needed. If 
needed, it adjusts the target value of the controlled variable in the target value 
adjustment block 127. The setting of new target value for the controlled variable is 
presented in Fig. 1 with arrow 133. 

20 In spread spectrum cellular networks, for example in cellular networks that employ 
CDMA (code division multiple access) radio techniques, all users use the same 
frequency domain all the time. In CDMA system, each user has a specific code 
sequence using which his narrow spectrum signal is spread into a signal which uses 
radio frequencies of a larger bandwddth. The code sequences of different users must 

25 be chosen so that they do not correlate and the code sequence of a specific user has 
to autocorrelate. Those signals that have been spread using a code sequence that 
correlates with the code sequence used in receiving the seemingly white noise radio 
transmission are separated. The receiver has to know the transmitters code sequence 
and the code sequences must be synchronized. 

30 

When received in an antenna, the radio signal has components that have been 
attenuated or delayed in various ways. The radio signals may, for example, scatter, 
diffract or reflect. This is called multipath propagation, and each of the multipath 
components has faded in a specific frequency-selective manner and has a specific 
35 time delay. In CDMA system, a rake receiver comprises of several correlators 
(fmgers), each of which is timed to resolve a strong multipath component from the 
received radio signal. The tuning is done by using a different delay estimation for 
each finger. By combining these separated multipath components the quality of the 



signal can be enhanced. The fading in the multipath components is frequency 
selective and different in each component. A combined signal is thus less faded and 
its quality is, consequently, better than the quality of the individual multipath 
components. 

In spread spectrum cellular networks, for example, soft handovers are possible. A 
soft handover refers to a situation where a mobile station is sending and receiving 
information related to a certain connection to and from more than one base station 
simultaneously. An example is presented in Fig. 2, where the radio signal sent by a 
mobile station 201 is received by the base stations 202 (BSl) and 203 (BS2). Near 
a cell border, for example, the received signal powers from many base stations can 
be equal. Soft handover results in a seamless transition from one ceU to another. 
Many base stations may receive the uplink signal sent by a mobile station, and the 
signals are combined in the cellular network. In Fig. 2, for example, the sisals are 
combined in network element 204. In the downlink direction, the different fingers of 
a rake receiver in the mobile station may be assigned to different multipath 
components, which components in this case may arrive from various base stations. 

The power control in a soft handover is similar to a situation where the mobile 
station communicates with only one base station. The difference is that all base 
stations involved in the handover send uplink power control commands to the 
mobile station. The mobile station adjusts the transmission power based on these 
power control commands, which in Fig. 2 are presented with arrows 210 and 211. 
Usually the logic is such that the transmission power is decreased if at least one of 
the base stations asks for power down and that power control command can be 
received reliably enough. The inner loop of the power control involves the mobile 
station 201 and the base stations BSl and BS2 and, for example, a radio network 
controller (RNC) is responsible for setting the target value for the controlled 
variable. 

The controUed variable for power control of radio transmission is preferably the 
energy per user data bit divided by the equivalent noise density / N, . This factor 
tells die power of the received signal, and for different connection typ Js the optimal 
power of the received signal is different. From the signal which carries the user 
data, however, it is quite difficult to obtain EJN,. For example in WCDMA 
(Wideband-CDMA, a third generation cellular network), there are a dedicated 
physical control channel (DPCCH) and a dedicated physical data channel (DPDCH) 
for each connection between a mobile station and the cellular system. The control 



channel carries infoimation about the data connection, for example about the bit 
rate, and the data channel carries the actual user data. A signal to interference ratio 
(SIR) is usually calculated using the pilot symbols in the control charmel DPCCH. 
The pilot symbols do not change during a connection, so the power signal carrying 
5 the pilot symbols is easier to estimate than Ej^ I Nq from the data channel DPDCH. 

The signal to interference ratio SIR can be used as an estimator for E^l in the 
power control, but it is a biased estimator. Because the outer loop of the power 
control adjusts the target value of the controlled variable SIR based on, for example, 
10 the frame error rate, it does not matter if the SIR is only proportional XoE^ I N^, 
instead of being equal to it. Only in the beginning of a connection, when an initial 
target value for the SIR has to be chosen, this may complicate the choice. 

A problem is that certain factors affect the size of the bias in SIR compared to 
15 E^l Nq, The nmnber of rake fingers used in receiving the signal, for example, 
affects the signal power estimation. When the bias lq the measured SIR value 
changes, the iimer loop of the power control deduces that the actual quality of the 
received signal changed and starts to alter the transmission power. 

20 The more rake fingers involved in the reception, the better the signal quality and, 
consequently, the larger the measured SIR value. The release or allocation of rake 
fmgers may change the value of SIR even with 2 dB. For example, when more rake 
fmgers are allocated the SIR value Lucreases in a stepwise manner. The measured 
value of the controlled variable ia the inner loop of the power control thus increases, 

25 and the irmer loop starts to decrease the transmission power. Afrer the decrease of 
transmission power the outer loop that monitors the quality of the received signal, 
for example a frame error rate, notices that the quality of the signal has deteriorated. 
It decides to increase the target SIR value. The target value is usually increased in 
steps, and this adjustment of the target value takes time during which the received 

30 signal has more errors than usually is acceptable. 

If the number of rake fingers involved in receiving the signal is decreased, then the 
measured SIR value decreases. As a result, the inner loop starts to increase the 
transmission power. Thereafter the outer loop notices that the received signal 
35 quality is better than needed, and it starts to decrease the target value for the 
controlled variable. The adjustment of the target value takes again some time, and 
during that time the signal is transmitted with an unnecessary high transmission 
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power. This may cause mterference to the other connections thus deteriorating their 
quality. ^ 

Further problems occur in soft handovers, especially in the uplink power control 
An optimal situation in a soft handover is that the power control commands sent by 
each base station involved in the handover affect the transmission power 
Unfortunately the base stations involved in the soft handover may use different 
numbers of rake fmgers in receiving the signal from the mobile station. Because the 
bias m the SIR value depends on the number of rake fmgers, a certain target value 
of the controlled variable does not necessarily result in a situation where all base 
stations agree that the target value has been reached. 

For example, let us consider a situation where the outer loop of the power control 
estimates that the target value 8 dB for the controlled variable SIR results in a 
desu-ed quality for the received signal. Assume that the bias in SIR in a fu-st base 
station BSl is, for example, 1 dB and in a second base station BS2 3 dB Further 
assume that the actual received SIR in both base stations is roughly the same for 
example 5 dB. This assumption is based on the fact that the decision to make a 
handover is usually based on the signal power and the SIR is proportional to the 
signal power. In a soft handover, for example when the mobile station is near the 
cell border, the signal power and thus the SIR is roughly the same in both base 
Station involved in the handover. 

In this case, the base station BSl perceives the quality of the received signal too low 
(6 dB < 8dB), and therefore asks for increase in the transmission power The base 
station BS2, on the other hand, finds the measured SIR, which is 8 dB just right If 
the actual received SIR decreases, the base station BS2 also asks for iiicrease in the 
transmission power. If the actual received SIR increases but does not exceed 8 dB 
the base station BSl still asks for increase in the transmission power. Only the base 
station BS2 asks the mobile station to decrease the transmission power. Thus only 
the base station BS2 actually takes part in the power control, for most of the time 
the base station BSl only asks for increased power. The different measured values 
01 SIR may thus deteriorate the power control during soft handovers. 

The object of the invention is to present an enhanced, straightfonvard and easy to 
implement method for power control. Especially the object is to present a power 
control method which is insensitive to the number of rake fmgers. 



The object of the invention is achieved by deterinining the discrepancy due to the 
number of rake fingers between the signal power estimator that is used in 
determining a value for the controlled variable and the corresponding actual 
physical quantity and by comparing the target value to the controlled variable value 
5 in such a way that the discrepancy is canceled out. 

A method according to the invention is a method for controlling transmission power 
of a signal which is received using a certain number of rake fingers, where 

- a value for a controlled variable is determined and 

10 - the controlled variable value is compared to a target value, and fiuther 

- a discrepancy for the controlled variable value is determined using at least the 
number of rake fiingers used in receiving the signal and 

- said discrepancy is taken into account when comparing the controlled variable 
value and the target value. 

15 

The invention relates also to a network element of a cellular network, which 
element comprises 

- means for controlling the transmission power of a signal received using a rake 
receiver using a determined value for a controlled variable, 

20 and which element is characterized in that it further comprises 

- means for determining a discrepancy for the determined controlled variable value 
using at least the number of rake fingers used in receiving the signal and 

- means for taking said discrepancy into account when comparing the determined 
value for the controlled variable to a target value. 

25 

The means for taking the discrepancy into is for example one of the following: 
means for eliminating said discrepancy from the controlled variable value, means 
for modifying said target value to comprise said discrepancy. 

30 A mobile station according to the invention, which mobile station comprises 

- a rake receiver and 

- means for controlling the transmission power of a received signal using a 
determined value for a controlled variable, is characterized in that it fiirther 
comprises 

35 - means for determining a discrepancy for the controlled value using at least the 
number of rake fingers used in receiving the signal and 

-means for taking said discrepancy into accoimt when comparing the determined 
value for the controlled value to a target value. 
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The n,ea„s for .akrng U,e discrepancy u,to account may comprise one of fte 
fo lowmg: means for eliminadng sa.d discrepancy from Ore controlled variabt 
value, means for modlying said target value to comprise the discrepancy. 

5 a method according to the invention a value for a controlled variable is 
deter^tred usually based on the measured properties of the received signal 
measured properties of flre received si^al may depend on the numbefof tS 
fmgers fta. are used to receive .he signal. The value for the controUed var^bl^ 
detemuned usmg .he measured signal properties and. therefore, fte contxoUed 

■ vanable value n,ay depend on toe number of Ae ralce fmgers. If th aetualXsL 
properties of toe received signal were used instead of toe estima.es bL^ on 
measurements, toe controUed variable would obtain a different value In otoer 
words, toere ,s a certain discrepancy in toe value of toe controlled variable. 

f^rtr'tllT"'^! '° *^ ^'-'W in toe determined value 

for the conn-oUed vanable is detennined. The effect of toe number of rake fingers on 
toe measured signal properties, and fi«her to toe controlled variable value cl Z 
determmed. for example, toeoredcally. When toe discrepancy is detenr^Ld 't i 
P^stb le .„ .alee tois dicrepancy value into account when'comU 
vanab e value to toe target value. The dicrepancy is taken into account" 
metho accordmg to toe invention and. consequently, toe transmissil po™ 
control method accordmg .„ toe invention reacts only to actual changes in toe srZ 
power. I , does no. react to changes toat are due to. for example allocation^d 
release of rake fingers. This is toe basic advantage of toe invention. 

estmiate and toe signal power estimate are detennmed in order to calculate toe 
stgnal to mterference ratio. TTre signal power estimate can be detenmned utg for 
examp e. ptlot symbols and toe interference estmiate is detenuinedTua ird^ecUy 
from toe spread spectium signal. THe signal power estimate depends on toe n^b r 

It t °f *^ -'=rf-"»ce ratio (o 

otoer controlled vanable) depends also on toe number of toe rake fmgers. 

The discrepancy due to toe number of rake fmgers can be eliminated from toe 
m asured vahte of; for example, toe signal power. In tors case, toe SIR value To 
other controlled vanable) based on meastuement does not change abniptiy when 
rake fingers are allocated or released. The imrer loop of toe power conll k^ps 
also m toese situations toe transmission power in a constant level, and toe om ' loop 
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does not have to adjust the target value for the controlled variable. Changes in the 
antenna configuration do not result in false interpretations of the received signal 
power. This enhances the power control in both uplink and downlink direction. 

It is also possible to modify the target value for the controlled variable, for example, 
each time the number of rake fingers change. In this case the number of the rake 
fingers is not used when determining the value for the controlled variable from 
measurements. When the target value is updated because the quality of the signal is 
not on a desired level, the target value has to be modified so that the discrepancy 
between the values of the physical quantities and their estimates is accounted for. If 
the target value is modified instead of the measured value, the value of both the 
target value and the measured controlled variable change when, for example, rake 
fingers are allocated or released. Because both values change in a similar fashion, 
there is no need to control the transmission power unnecessarily. 

A further advantage of the invention is that cancelling out the effect of the number 
of the rake fingers enhances also the power control in soft handover situations. In 
uplink direction, even if all the base stations use different mmiber of rake fingers in 
receiving the signal, the base stations take the effect of the rake fingers into account 
when comparing determined controlled variable value to the target value. If the 
receivers are not defected, this canceling out the effect of the rake fingers should 
result in that the base stations involved in the soft handover have similar results of 
the signal to interference ratio, for example. Therefore they all contribute to the 
power control. 

Even after the corrections related to the number of rake fingers have been done to 
the signal power estimate determined from the measurements, it may still be a 
biased estimator of the user data signal power. For example, when the aim is to 
control the quality of the user data signal, the SIR value determined from the control 
channel signal is often used as a controlled variable in the power control instead of 
the / Nq, If the difference between the SIR and the I Nq can be determined, it 
can also be canceled out. The result is that the controlled variable is an \mbiased 
estimator for E^^ I N^, 

The aim of power control is to attain an acceptable signal quality with as low 
transmission power as possible. Using an xmbiased controlled variable or a control 
variable with constant bias makes the choice of the initial target value for the 
controlled variable easier and more accurate. This can be done, for example, by 
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keeping track on the mean value of SIR corresponding to various signal qualities 
and setting thjs mean value as the initial target value. When the number of rake 
fingers, for example, affects the determined SIR value, the mean values would be 
accurate only for connections where a certain number of rake fingers is used in 
reception. 

A fiirther advantage of the method accoding to the invention is that there is no need 
to modify the signalling between the network elements, if the discrepancy in the 
controUed variable value is determined, for example, in the base station and the 
discrepancy is taken into account there, too. The signalling messages between the 
base station and the radio network controller, for example, just contain the target 
value and each base station interprets the received target value as an unbias target 
value. The radio network controUer, or other entity that sets the target values does 
not have to be aware of the possible bias in the determined controlled viable 
values. In a soft handover situation, for example, a same target value may be sent to 
all base stations. 

On the otiier hand, it is possible to signal the number of rake fingers from the base 
stations to the radio network controller, and the radio network controller may 
calculate for each base station its own target value. In this case the base station 
specific discrepancies in the controlled variable values are taken into account by 
modifymg the target value to comprise the discrepancies. 

The invention will now be described more in detail with reference to the preferred 
25 embodmients by the way of example and to tiie accompanying drawings where 

Fig. 1 shows a schematic drawing of a closed loop power control. 

Fig. 2 shows a schematic drawing of power control in a soft handover 
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Fig. 3 shows a schematic drawing of a power control method according to a 
first preferred embodiment of die invention. 

Fig. 4 shows a flowchart of a power control method according to a second 
^ ^ preferred embodiment of the invention. 

Fig. 5 shows a flowchart of a power control metiiod according to a third 
preferred embodiment of the invention, and 
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Fig. 6 shows a schematic drawing of a network element and a mobile phone, 
where methods according to any preferred embodiment of the invention 
have been implemented. 

5 Above in conjunction with the description of the prior art reference was made to 
Figs. 1 and 2. The same reference numerals are used for corresponding parts in the 
figures. 

A method for controlling transmission power according to the first preferred 
10 embodiment of the present invention is presented in a schematic drawing in Fig. 3. 
Usually the controlled variable in power control either is the signal power or 
depends on the signal power. Therefore, in this method the discrepancy between the 
the signal power estimate and the actual signal power is determined. 

15 We shall here use a WCDMA receiver with several rake fingers as an example. The 
signal is received in the receiver block 301, and the number of rake fingers used in 
the receiver block 301 is marked with X. In block 302 the signal power estimate is 
determined. The signal power estimate is determined, for example, from the pilot 
symbols in the control channel DPCCH. In block 303 a value for the controlled 

20 variable CV is determined using the estimated signal power. 

In a WCDMA receiver the received signal power iS* is typically estimated by taking a 
sum of the average values of the despread samples of each rake finger 
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Here the average complex value of the despread samples of the k pilot symbols 
without any noise is marked with a, , where the sub index / refers to /*th rake finger. 
Further, the complex despread noise is marked with w. The noise component n is 
divided by the mmiber of pilot symbols, because the noise is averaged over all the 
pilot symbols. 



The expectation value of the signal power estimate is 
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As the above equation shows, the additive bias in the signal power estimate is 
proportional to the number of the rake fingers L. When the rake finger number 
changes, there ,s an abrupt change in the signal power estimate, although the actual 
si^al power S does not change. The discrepancy between the signal power estimate 
^d the actual signal power is E(\n\^)Llk\ Because the interference estimate 
/ = H can also be detenniiied in block 302 and the nmnbers of the rake fmgers and 
the pilot symbols are known, it is possible to deteimine a correction -IL I e for the 
signal power estimate in a correction block 304. 

The example above shows how to detennine theoretically the discrepancy betxveen 
the signal power estimate S and the actual signal power S. A theoretical fonnula for 
the coixection is predetermined and the value of the correction is calculated in the 
correction block 304, when the actual measm-ements have been done It is also 
possible to estimate the discrepancy, for example, by collecting vast number of 
measurement data using various signal powers, interference levels and rake finger 
numbers, and to detennine a correction fimction fi-om the results. In this case the 
size of the correction is determined from measurements and the correction values 
can be, for example, inserted into a table. The correction block 304 corresponds 
here to a table look-up. 

The discrepancy needs to be taken into account before the value of the controUed 
variable is compared to the target value in the comparison block 305. Fig 3 shows 
how the correction term is transmitted to the comparison block (arrow 312) The 
effect of the number of rake fingers can be, for example, eliminated from the 
controlled variable value by substituting 5 with 5-/Z/>t\ This can be done 
ah-eady when calculating the value for the controlled variable in block 303 but in 
Fig. 3 the determination of the discrepancy is shown exphcitly in block 304 It is 
also possible to modify the target value so that the discrepancy is taken into accomit 
there. 

After the comparison, the power command block 306 informs the transmitter to 
cTrZI^ds ^^'^^'ion power, for example by sending power control 

A method for controlling transmission power according to a second preferred 
embodmient of the present invention eliminates the discrepancy due to the number 
of the rake fingers from the controlled variable value. The signal to interference 
ratio SIR, where the signal power is determined from the pilot symbols in the 
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control channel DPCCH, is used here as en example of a controlled variable in the 
power control. 

To eliminate the discrepancy between the signal power estimate and the actual 
5 signal power, the signal to interference ratio is determined by the following way 

o ZKr s-^i e 7 L 

SiR* = A = Jz] = ^ = i_4^SIR-4. 

II Ilk- 

This rake finger number independent SIR*, where the effect of the rake fingers is 
10 subtracted from the signal power estimate, follows the actual changes in the 
received signal power of the pilot symbols compared to the interference. Any 
allocations or releases of the rake fingers do not change the SIR* value. When SIR* 
is used in power control as the controlled variable, the power control works as 
planned in soft handover situations or when changing the ntunber of the rake 
15 fingers. The entity setting the target level for the controlled variable does not need 
to know the size of the correction term or even that any correction is done. Note that 
in the above formula the SIR values are not expressed in dB. 

The signal to interference ratio SIR* presented above is, however, still a biased 
20 estimate for the jE^ / ratio. Although the effect of the number of the rake fingers 
has been canceled out, there is still the bias inherent to the fact that the SIR* is 
calculated from the control channel DPCCH and the aim of the power control is to 
attain a proper value for I which is related to the user data chaimel DPDCH. 

25 If SIR* is used as a controlled variable in the power control, the cellular network 
may choose the initial target value for a connection by checking what has been a 
typical target value in similar cormections. The cellular network may, for example, 
keep a table where for each connection type an average target value for SIR* is 
stored. The bias ui SIR* compared to I is the same for all coimection of the 

30 same connection type. The values in the table may be, for example, average of the 
target values in a certaki number of similar connections. 
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Fig. 4 shows a flowchart that presents an exemplary power control method 400 
according to this second preferred embodiment of the invention. The control method 
presented in Fig. 4 uses closed loop control, and in the flowchart the inner loop 



13 



15 



20 



25 
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frames. 
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presented usi.g solid l.ne frames and Ae outer loop steps using dashed line 

In fte first step 40. an initial target value SIR.,,, for the oon«-„l parameter is set 
Thts value ,s. for example, set by the outer loop of the power conL. In Lp 40 
the radio signal canymg the control chamiel data is received usin,r / 1 7 

tZm Te T T T ""^^'^ ''^ ed m 

.0 :ir/jdrLrer:ratrf ' " - ^^-^ 
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Ae te™ // t Z i"'" "y subtracting 

Sm t r T "''^""^'^ " ^''P The result is L meast^d 

nlbr r*";" "'■"•^ - the signal to interference rZ The 

SK. l : r T '° "^'o affect d,e vle^f 

305^ fil ^'^P -"-P-O '° *e comparison block 



to step 408. if the measured value is larger, a control command to reduce the 
^^s^sston power is sent. If the measured value is smaller than fte targe il si 
409 a control command to reduce the transmission power is sent Aft.r .^.'a T 

re~ r— • ^ -o:; z:::::^, 

step "r-^if f T " '"oP °f P"-- contrd i^ 

step 4ia ms value may be sent every time the measured SIR' vine is calculated 
or less frequently. If the quahty factor is no. sen, to the outer loop e ch 
*e mner loop goes back to step 402 af>er sending the power con Jconlrd 

factor to the desrred value. L, step 412 is adjusts the target value SIR if T 
measured quality of the received signal ts too poor, the ,arg vaTu' s m^r;:^ an^ 
.fit .sumiecessary high, the target value is decreased. s mcreased and. 

It is also possible to modify the target value set for the controlled variable so ,h,t 
akes mto account the number of rake fmgers used in receivinrthTsS^Il tWs 
done m a method according to a Mri prefen-ed embodiment of the inZtion ^ 
the signal to interference ratio is again used as an example of a con^Zd "Lab^^ 
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The outer loop of the power control sets a target value for the SIRtargct- If the target 
value is modified in the following way 

5 

then the signal power estimate S can be used when the measured SIR is determined, 
SIRmeas^^// . Notc that ill the above formula the SIRtargct values are not expressed 
indB. 

10 In a method according to this third preferred embodiment of the invention, the target 
value for the controlled variable has to be updated from SIR^rget to SIR'^^ each 
time a new target value is set and each time the number of rake fingers used in 
receiving the radio signal changes. 

15 Fig. 5 presents a flowchart of a power control method 500 according to the third 
preferred embodiment of the invention. Again a closed loop power control method 
is used as an example of the power control method. The power control method 
presented in Fig. 5 starts similarly as the method presented in Fig. 4. The initial 
target value for the controlled variable is set in step 401. In step 402 the radio signal 

20 is received, and in steps 403 and 404 the signal power estimate of the k pilot 
symbols S and the interference estimate 7 are determined. In step 405 the signal to 
interference ratio is determined by SIRmeas = ^ / ^ • 

In step 501 it is checked if there is need to update the SIR' value. This value has 
25 to be updated at least each time a new target value SIRtargct is set by the outer loop or 
when the number of rake fingers used in receiving the signal has changed. In step 
502 a new modified target value SIR' ^^^^ is calculated. Otherwise the old modified 
target value is still valid, and in step 503 the measured SIRmeas is compared to the 
target value SIR*.^^,,. As shown in Fig.5, the steps 501, 502 and 503 correspond to 
30 the comparison block 305 in Fig. 3. 

The power control commands are sent in steps 408 and 409. After this comparison 
the method continues to adjust the target value in steps 410-412, like in the method 
presented in Fig. 4. 



35 



In some cases it may be more convenient to use the ratio E^^ I as the controlled 
parameter. A method according to a fourth preferred embodiment of the invention 



15 



10 



15 



takes into account also the difference between the signal power of the pilot symbols 
in the DPCCH channel and the data in the DPDCH channel. The relation between 
the SIR* and £^ / can be written as 



SJR*= 



The coefficient A = A^A^^A^ depends on the type of the connection and on the 
user data bit rate. Term Acc takes into account the effect of the channel coding 

7.^^n2 " ^ ^'"^ ^^tio of the user data bit rate and the 

DPDCH bit rate, which in WCDMA, for example, is 4096 kbps. Term^p^ is equal 
to the relative transmission power of the control channel compared to the total 
fransmission power of the control and the data chamiel. In CDMA systems term 
Gdpcch usually presents the relative transmission power of the control channel 
compared to the data channel transmission power, and thus Apo is 



A _ ^DPCCH 
^prj 

^ ^DPCCH 



Term Apo takes mto account the processing gain of the pilot symbol group It is the 
product of the spreading factor and the number of the pilot symbols k. In WCDMA 
3 for example, the spreading factor for the control channel DPCCH is 256. 

In a inethod according to the fourth preferred embodiment of the invention the 
controUed variable in the power control can be, for example, the quantity STRVA 
This IS an unbiased estimator for E,/N,. It is also possible, in a mamier similar to 
that used m the third preferred embodiment of the invention, to modify the target 
value by multiplying with yi. 

In a method accordmg to a fifth preferred embodiment of the invention, the estimate 
for the mterference is corrected in addition to the correction done to the signal 
power estimate. The interference power is generally determined from die spread 
spectrum signal, and this signal comprises also the signal that is sent to the receiver 
A more accurate interference estimate is obtained, if the actual signal power S of the 
received signal is removed from the interference determined from the spread 
spectrum signal. ^ 
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The interference estimate / determined from the spread spectrum signal is thus 
T = I +S, where / and S are the actual interference and signal power. From the 
equations 

fl=I + S 

[S = S + IL/k^ 

it is possible to resolve S and / resulting in 



S-ILIk^ 
. " \-Llk^ 

The controlled variable value is calculated usmg these / and S or the target value is 
updated so that it takes into accoimt the discrepancy between the actual values of / 
and S and the estimates 7 and 5 . If the controlled variable in the power control is, 
for example, the signal to interference ratio, an imbiased value SIR* is obtained 
from the following formula 

I -s 

By substituting this formula to the step 406 in method 400, the method 400 becomes 
a method according to the fifth preferred embodiment of the invention. 

The same unbiased value for SIR* is obtained, if the actual signal power S and the 
actual interference / are approximated using 

Both these value are biased with factor (l-L/Ar^)'', which is canceled out when the 
SIR is calculated. If the controlled variable is not SIR but some other function of 5 
and /, this approximation does not necessarily yield an unbiased value for the 
controlled variable. 
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The b,as m the interference estimate depends on the bit rate of the received signal 
For speech services, there is probably no need to taKe Ae bias into account For 
services where data is transmrned with rates of more dran 500 kbps. it is advisable 
to separate the received signal power ftom the interference estimate. ' 

Fig. 6 present a ceUular network element 600 which comprises a power control 
arrangement 601 according to any preferred embodiment of flie invention ^i 
cellul^ network element controls the uplink transmission power of a mobile stadon 

olLfn" ?T ■ """" «0' ^ fte network element 600 

presented m Fig^6 compnse blocks according to the f.st prefeired embodimew of 
Ae mvenaon. The radio signal receiver block 301 is in charge of receiving die 
signal. The measurement block 302 is in charge of measuring flie received 'gnal 

coT;. y "'tf — es. A value for 4 
controlled vanable ,s determined in block 303 and the controlled variable value is 
compared to dre target value in the comparison block 305. The discrepancy between 

block 304. Accordmg to the comparison, the power command block 306 constructs 
a command for mcreasing or decreasing the transmission power. Tie command is 
s nt to the transmitter block 620 which is in charge of die radio transmission Tl^^ 
blocks may be implemented using, for example, microprocessors and a suitable 
program code. 
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^e network element 600 may be a base station, and target values of die conf oiled 

WCDMA network. If the base stations involved in a soft handover for example 
employ a method according to invention for canceling out die effect of the numL; 
of rake fingers used in receiving the signal, fliey all contribute to dte uplink power 

* " """^^ ^ ^'^^^ --Pri- *e 

eTme™ "d^r n 7 T*™"'' " ^ ^""^ odier network 

element of die cellular network, too. Not having the transmission power control 

atrangement m the base station, however, increases die signaling needs between! 

base station and the network element in charge of die uplink power control. 

It is also possible fliat the mobile station 610 uses a power control arrangement 611 
accordmg to some preferred embodmient of the invention. In this c J Th™ ti 

related to a certam comiecnon. changes, die mobile does not send umiecesL 
power control commands to die cellular network. A mobile stadon coTpnsmg^ 
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power control arrangement 611 according to the fust preferred embodiment of the 
invention is presented as an example in Fig. 6. 

Above the WCDMA has been used only as an example of a cellular network where 
5 the radio access network employs spread spectrum techniques. It does not restrict 
the methods according to the invention to be used only in WCDMA networks. The 
methods according to the invention may be applicable in any other cellular network 
where spread spectrum techniques are employed. 

10 The CDMA system has been used as an example of a spread spectrum technique. 
The methods according to the invention are not restricted to those using the CDMA 
technique. 

The signal to interference ratio has been used as an example of the controlled 
15 variable in power control methods. This does not restrict the scope of the invention, 
and the methods according to the invention may use any suitable controlled 
variable. The power control methods presented here have been closed loop methods, 
but a method according to the invention does not have to be a closed loop power 
control method. The essential thing is that a value is determined for a controlled 
20 variable based on measurements and this value is compared to a target value. The 
invention does not restrict the choice of the controlled variable or the target value. 
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CLAIMS 



1. A method (300. 400, 500) for controlling transmission power of a signal which is 
received usmg a certain number of rake fingers, where 

- a value for a controlled variable is determined (405) and 

- the controlled variable value is compared (305) to a target value, characterized in 



- a discrepancy for the controlled variable value is detennined (304) using at least 
the number of rake fingers used in receiving the signal and ' ^ 

- said discrepancy is taken into account (305, 312) when comparing the controUed 
vanable value to the target value. 

2. A method according to claim 1, characterized in that 
15 'si^T^^ determined (302, 403) using a certain part of the radio 

- an interference estimate is detennined (302, 404) and 

- the value for a controlled variable is detennined (405) using said signal power 
estimate and said mterference estimate. 

20 3. A method according to claim 2, characterized in that 

- a first discrepancy between said signal power estimate and the actual signal power 
IS detenmned usmg at least the number of rake fingers and the interference estknate 

- a second discrepancy between said interference estimate and the actual 
mterference is detennined using at least said signal power estimate and 

. - both discrepancies are taken into accomit when comparing the controlled variable 
value to the target value. 

4. A mediod according to claims 1 or 2, characterized in that the discrepancy 
depends on the value of the controlled variable. 

'''^ ^'^--^-'-d - that said discrepancy is 
elumnated (406) from the controlled variable value. 

lHVHt^1^'''"'"' '^''^ characterized in that said target value is 
modified (502) to comprise said discrepancy. 

7. A method accordmg to claim 1, characterized in that the signal to interference 
ratio IS used (405) as the controlled variable. mterierence 
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8. A method according to claim 1, characterized in that the method is a closed loop 
power control method. 

5 9. A method according to claim 1, characterized in that the initial target value is the 
same for all connections used to carry a certain service. 

10. A method according to any of claims 1-9, where 

- more than one receivers are receiving the signal and 

10 - in each receiver a receiver-specific value for the controlled variable is determined, 
characterized in that 

- the discrepancy is determined for each receiver and 

- the receiver-specific discrepancies are taken into account (305, 312) in comparing 
the receiver-specific controlled variable value to the target value. 

15 

1 1. A method according to claim 10, characterized in that 

- a same target value is sent to all the receivers and 

- the receiver-specific discrepancies are taken into accoimt in each receiver. 

20 12. A network element (700) of a cellular network, which element comprises means 
for controlling the transmission power of a signal received using a rake receiver 
using a determined value of a controlled variable, characterized in that it further 
comprises 

- means (304) for detennining a discrepancy for the determined controlled variable 
25 value using at least the munber of rake fingers used in receiving the signal and 

- means (305) for taking the discrepancy into accoimt when comparing the 
controlled variable value to a target value. 

13. A network element according to claim 12, characterized in that the means for 
30 taking the discrepancy into account comprise one of the following: means for 

eliminating said discrepancy from the controlled variable value, means for 
modifying said target value to comprise said discrepancy. 

14. A network element according to claim 12, characterized in that the network 
35 element further comprises 

- means (302) for deterrnining a signal power estimate of a certain part of the 
received signal and 

- means (302) for determining an interference estimate. 
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15. A network element according to claim 12, characterized in that it is a base 
station. 

16. A network element according to claim 15, characterized in that it is a base 
station of a WCDMA network. 

17. A network element according to claim 12, characterized in that it is a radio 
network controller of a WCDMA network. 

18. A mobile station (710), which comprises 

- a rake receiver (301) and 

- means for controlling the transmission power of a received signal using a 
determined value for a controlled variable, characterized in that it further 
comprises 

- means for determining a discrepancy for the controlled variable value using at 
least the number of rake fmgers used in receiving the signal and 

- means for taking said discrepancy into account when comparing the controlled 
variable value to a target value. 

19. A mobile station according to claim 18, characterized in that the means for 
taking the discrepancy into account comprise one of the following: means for 
eliminating said discrepancy from the controlled variable value, means for 
modifying said target value to comprise said discrepancy. 

20. A mobile station according to claim 18, characterized in that the it further 
comprises 

- means (302) for determining a signal power estimate of a certain part of the 
received signal and 

- means (302) for determining an interference estimate. 

21. A mobile station according to claim 18, characterized in that it is a mobile 
station of a WCDMA network. 




Abstract 

The invention relates to a method (300, 400, 500) for 
controlling transmission power of a signal which is 
received using a certain number of rake fmgers, where a 
value for a controlled variable is determined (303, 405) and 
the controlled variable value is compared (305) to a target 
value. The method according to the invention is character- 
ized in that a discrepancy for the controlled variable value 
is determined (304) using at least the number of rake 
fingers used in receiving the signal and said discrepancy is 
taken into accovmt (305, 312) when comparing the 
controlled variable value to the target value. The invention 
relates also to a network element (600) and to a mobile 
station (610). 
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